Abstract-The aims of this study were to investigate the combined effects of drought stress and copper pollution on enchytraeids under natural conditions in the field and to compare the results of laboratory toxicity tests with results of the field study. Such studies were conducted to increase the understanding of interactions between chemicals and natural stressors and assess the predictive value of standardized laboratory tests with enchytraeids. The combined effect of copper and summer drought on enchytraeids was investigated in an old copper-contaminated field site at Hygum, Denmark, in three areas with different copper burdens. Each area consisted of five plots, which were divided into two subplots: one control and one drought subplot in which precipitation was excluded for a 45-d period during summer. Enchytraeids were sampled in spring (before the enforced drought began) and in autumn (after recovery from drought). Clear effects of copper were evident in both the field and the laboratory experiment. The field population density and species composition was highly affected by copper at concentrations in the range 300 to 500 mg Cu/kg dry soil and higher. In particular, a greatly impoverished species diversity was found in the copper-polluted areas. The effects of copper in the field compared reasonably well with the results of the laboratory tests. Surprisingly, possible effects of summer drought in the field were not detected in the autumn sampling, perhaps because of rapid recovery of the enchytraeid populations in both unpolluted and copper-polluted areas.
INTRODUCTION
Risk assessment of heavy metals and other soil pollutants is often based on toxicity data derived from simple singlespecies tests. These systems are controlled systems with chemical and physical factors (e.g., moisture and temperature) held constant typically at optimum conditions. However, a number of environmental conditions, such as aging, pH, organic matter (OM) content, species interactions and climatic variations, can differ between laboratory and field [1] [2] [3] . These variations could influence the bioavailability and hence the ecotoxicity of heavy metals or could alter the physiology and behavior of species and so interact with uptake and excretion rates of, for example, zinc and copper [4, 5] . Because of these variations in conditions between field and laboratory, single-species test systems might not always give a reliable estimate of heavy metal effects on soil organisms.
Enchytraeids are widespread in temperate and cold soils. They are important for the decomposition of dead plant material and recycling of plant nutrients in soil [6, 7] . Because of their ecological importance, a number of field studies have addressed heavy metal pollution effects on enchytraeids [8] [9] [10] [11] . However, none have concerned copper alone, perhaps because metal-polluted areas are often contaminated with mixtures of heavy metals. Moreover, most of these studies report effects on a single species, Cognettia sphagnetorum, which is dominant in coniferous forest soil. Other soil ecosystems such as grasslands often harbor a large variety of enchytraeid species. Thus, there is a need to broaden the range of enchytraeid species in ecotoxicological studies.
One of the most important environmental factors deter-mining the performance of soil fauna is the availability of water [12] . Enchytraeids are probably among the soil organisms most sensitive to desiccation [6] , and during summer droughts, populations will typically reach their annual minimum as a result of desiccation stress [13] . A number of laboratory studies have shown that drought in combination with a toxic substance can lead to potentiation of effects; that is, the combination of the two stressors are larger than if the effects were additive [5, 14, 15] . No previous studies have investigated whether the effects of summer drought on enchytraeids are larger in areas with an existing pollution burden compared with unpolluted areas. The objective of this study was to investigate the combined effect of copper and summer drought on enchytraeids in an abandoned arable field. Copper is known as an essential metal but can be toxic at increased soil concentrations if biologically available [16] . Three areas with background levels, medium copper contamination, and a high copper contamination were chosen for experimentation in an old copper-contaminated field site. In these areas, the effects of drought on the enchytraeid community were assessed. The field results were compared with results obtained in standardized laboratory tests, and the effects of copper on survival and reproduction in the enchytraeid Enchytraeus crypticus were evaluated to examine the predictive value of such tests commonly used in the risk assessment of toxic chemicals.
MATERIALS AND METHODS
The study consisted of a field study and a laboratory study with field-collected copper-contaminated soil and uncontaminated field soil spiked with copper. All experiments were conducted with soil from the Hygum site, Denmark. The Hygum site occupies a total of 7,200 m 2 and is situated on flat land [2, 17, 18] .
Site and soil factors
At the Hygum site, three areas were chosen in spring 2004 (unpolluted and medium and high copper contamination), each consisting of five plots. Each plot was further divided into two subplots (control and drought) measuring 0.5 by 0.5 m and separated by a 1-m buffer zone. The unpolluted area had copper concentrations between 20 and 42 mg Cu/kg soil, the medium contamination area had copper concentrations between 277 and 501 mg Cu/kg soil, and the high contamination area had copper concentrations ranging from 655 to 1,143 mg Cu/kg soil. Along the border of each subplot, a 20-cm plastic barrier was inserted into the ground to a depth of approximately 5 cm to prevent or diminish migration in and out of the subplots. The drought subplots were covered with a transparent plastic roof (1 ϫ 1 m) placed 1 m above the ground in the period June 19 to August 25, eliminating most precipitation during this period.
The plant community of the unpolluted area was dominated by mosses such as Pohlia nutans and the grasses Lolium perenne and Agrostis stolonifera. In the medium and high contamination areas A. stolonifera was highly dominant. The total grass biomass in October 2004, estimated according to Strandberg et al. [18] , was largely equal in the unpolluted and highly polluted areas: 457 Ϯ 46 g dry weight (dry wt)/m 2 and 473 Ϯ 20 g dry wt/m 2 , respectively. In the medium-polluted area, the grass biomass was somewhat smaller, 329 Ϯ 46 g dry wt/ m 2 .
Soil water potential was measured at weekly intervals in a subset of control and drought plots with Wescor soil psychrometers connected to a Wescor HR33T Microvoltmeter operated in the dew point mode (Wescor, Logan, UT, USA). The output from the soil psychrometers was transformed to soil water potential (bar) with a calibration curve derived from known NaCl solutions. The soil water potential in six control and six drought subplots (evenly distributed across the three areas with different copper levels) was measured at 3 and 10 cm depth, and a mean value for control and drought plots was calculated. Soil temperature of two drought subplots and two control subplots (at 2 cm depth) was recorded at 15-min intervals with Tinytalk dataloggers connected to PT100 thermistors (Gemini Data Loggers, Chichester, UK).
Sampling of enchytraeids
Enchytraeids were sampled on two occasions. On June 19, 2004 , two soil cores (diameter 5.5 cm; height 3 cm) were sampled from topsoil of each subplot. The soil appeared dry at this time because of low precipitation during May and June. A preliminary extraction of a few additional samples showed that enchytraeid numbers were extremely low. To get an estimate of the ''potential'' enchytraeid population size and species composition, 15 ml of water was added to each soil sample, and they were incubated at 20ЊC for 13 d to allow hatching of cocoons [19] . After this time, the samples were extracted by wet funnel extraction [20] , in which the temperature increased stepwise from 25 to 50ЊC in 5 h. The enchytraeids were collected in water and stored at 5ЊC until counting (total enchytraeids), which was done within 48 h after extraction. Additional soil cores were sampled from three drought subplots and three control subplots of each of the three contamination levels for identification and enumeration at the species level according to Nielsen and Christensen [21] . On October 19, a similar set of soil cores was sampled. These samples were extracted immediately because soil moisture was optimal for enchytraeids at this time.
Laboratory experiment
The experimental design was a modified version of the International Standard Organization 16387 enchytraeid reproduction test (ERT) with E. crypticus [22] . Two experiments were performed: E. crypticus exposed to increasing concentrations of copper in contaminated field soil and E. crypticus exposed to newly copper-spiked field soil from the unpolluted area. The soil was sampled from the 0-to 20-cm layer at Hygum in six areas along the copper gradient from uncontaminated (21 mg Cu/kg soil) to highly contaminated soil (1,601 mg Cu/kg soil). To exclude soil animals already present, the soil was dried at 80ЊC for 24 h and thereafter sifted through a 2-mm mesh to remove larger particles. The enchytraeids were obtained from a permanent laboratory culture of E. crypticus held at 20ЊC on agar and fed dried and rolled oats. The test soil (20 Ϯ 0.02 g dry soil per test container) was either spiked with five ml of aqueous CuSO 4 (Merck, Darmstadt, Germany) solution or 5 ml of demineralized water the day before addition of animals. In the experiment with spiked soil, the following concentrations were used: control, 80, 160, 320, 640, and 960 mg Cu/kg soil. In the experiment with contaminated field soil, the following concentrations were used: control, 213, 462, 615, 878, 1,202, and 1,601 mg Cu/kg soil. Four replicate test containers of each treatment were made. To each test container, 10 sexually mature adult E. crypticus with visible clitellum were added. The enchytraeids were fed 33 mg of cooked rolled oat flakes subsequently dried at 105ЊC for 24 h and finely ground. The test containers were incubated in a climate room at 20 Ϯ 1ЊC for two weeks. After the first week, 17 mg of cooked oat flakes was added to each test container. After two weeks, the surviving adults and juveniles were extracted. To extract the enchytraeids, the soil of each test container was gently spread into four 200-ml plastic beakers (diameter 7 cm), which were filled with demineralized water, gently shaken, and then left for 24 h at 5ЊC for sedimentation. Adult and juvenile enchytraeids moved onto the surface of the sediment and were counted within 48 h with a dissection microscope.
Copper concentration, pH, and OM content
The total copper concentration, pH, and OM content of soil was measured both in field and laboratory studies. For pH and OM measurement of field soil, one soil core (diameter 5.5 cm; height 6 cm) from each subplot was used. For both field and laboratory experiment, the total copper concentration was determined for three soil cores of each subplot. The pH was measured by adding 20 ml of demineralized water to 10 g of soil (dry wt) in flasks shaken for 2 h on a shaking table. After a short sedimentation period, the samples were analyzed with a pH meter (LAB pHM220, Radiometer Analytical, Lyon, France). Organic matter was measured as the loss on ignition 606 Environ. Toxicol. Chem. 25, 2006 K. Maraldo et al. Table 1 . Total soil copper concentration, soil pH, and organic matter (OM) content in control and drought plots of the three areas used in the field experiment. Total copper concentration is calculated from the average of three subsamples per subplot (n ϭ 5). Soil pH and OM are calculated from the average of one sample per subplot (n ϭ after 3 h at 600ЊC in a furnace. The total amount of copper in the soils was determined with atomic absorption spectrometry (Perkin-Elmer 4100, Ueberlingen, Germany). To extract the total copper concentration, 0.3 g of dried soil was sifted through a 2-mm mesh and crushed in a mortar. Two milliliters of 7 N HNO 3 pro analysi (Merck) was added, heated to 80ЊC for 17 h, and finally heated to 110ЊC until dry. Another 1 ml of 7 N HNO 3 was added to each sample, and the procedure was repeated. The samples were dissolved in 5 ml of 0.1 M HCl and then analyzed by atomic absorption spectrometry. Only total copper was determined in this study. However, previous studies have shown that water, CaCl 2 , and diethylenetriaminepentaacetic acid-extractable copper fractions are correlated linearly to the total copper concentration in Hygum soil [2, 23] .
Statistics
For analysis of field results, a multilocation model was employed. The copper contamination area was the location with a known level of copper that was intentionally selected to study the interaction between Cu contamination and drought. Five blocks were nested within each area, and each block included two treatment plots: control and drought. In accordance with mixed model terminology, the area and drought treatments were fixed factors, and the blocks nested within area were random factors [24] . Appropriate F tests were standard output from the PROC MIXED procedure of SAS [25] . Because plots were subject to subsampling, these were included as repeated measures. Comparisons of means were made by specifying contrasts of the treatment pairs with the Proc Mixed procedure [25] . For all tests, a significance level of 0.05 was applied. The community composition was analyzed by Primer Version 5.0 (Plymouth Routines In Multivariate Ecological Research, PRIMER-E, Plymouth, UK). The species data were fourth root-transformed before the cluster analysis to reduce the influence of abundant species. A nonparametric multidimensional scaling, based upon the BrayCurtis similarity matrix, and ordination of the enchytraeid community matrix was performed [26] . The BIOENV-procedure was used to examine the relationship between species composition and environmental factors (total copper, pH, OM). The BIOENV procedure ranks correlations according to a similarity matrix on the basis of the environmental variables and the community similarity matrix, thereby identifying the parameters that best explain the variation in enchytraeid species composition. The environmental factors were all log-transformed before analysis. Finally, to test for significant differences between species compositions of the three areas, an analysis of similarities was performed [26] .
The no observed effect concentration (the highest tested concentration of copper with no statistically significant effect) and lowest observed effect concentration (the lowest tested concentration showing a statistically significant effect) of the ERT were determined by comparing the control with each of the concentrations by a Dunnett's test in an analysis of variance (ANOVA) procedure. Estimation of the concentration causing 10 and 50% mortality (LC10 and LC50, respectively) was by probit analysis, and the estimation of the concentration causing 10 and 50% effect on reproduction (EC10 and EC50, respectively) was by the inhibition concentration (ICp) approach [27] .
RESULTS

Soil chemistry, temperature, and moisture in the field study
Total extractable copper concentration was significantly different among the three study areas (Table 1 ; F ϭ 1.096, p Ͻ 0.01), but the copper concentrations in drought and control subplots were not different within each of the study areas (Table 1 ; F ϭ 0.46, p ϭ 0.0063). Soil pH varied only a little among the three study areas, ranging from 6.0 to 6.6. However, pH was significantly lower in the highly contaminated than in the medium-contaminated area (Table 1 ; p Ͻ 0.05). Soil pH in the unpolluted area was not significantly different from any of the contaminated areas. The OM content in the unpolluted area was significantly lower than in the medium and high contamination areas (p Ͻ 0.05).
The plastic roofs used to manipulate soil moisture had only a slight effect on soil temperatures. Because of malfunctioning thermosensors in the control plots, comparison of temperatures in control and drought plots could only be made during the first two weeks of the drought treatment. During this period, the mean temperature at 2 cm depth differed by less than 1ЊC between treatments.
In covered subplots, soil water potential was clearly lower than in corresponding control plots, both at 3 cm ( Fig. 1 ; oneway ANOVA, F ϭ 27.9; p Ͻ 0.00001) and 10 cm depth ( Fig.  1 ; one-way ANOVA, F ϭ 28.6; p Ͻ 0.00001). When soil moisture was at its lowest (August 11), the wilting point of plants (approximately Ϫ15 bars; mean values) was reached at psychrometric method is not suitable for measurements higher than Ϫ1 bar [28] . It is therefore likely that soil water potentials shown as being around Ϫ1 bar in this study (Fig. 1) in reality indicate much higher soil moisture levels, which is consistent with our visual observations in the field. Once the roofs were removed on August 25, the soil water potential quickly became equal in control and drought subplots, with a high soil moisture content (Fig. 1) . Precipitation was high in the period up to the autumn sampling on October 19, and drought conditions did not occur during this period (data not shown).
Effects of drought treatment on enchytraeids
Data from the spring sampling was analyzed to test whether the total number of enchytraeids of subplots destined for control or drought treatment, respectively, differed. Overall, the control and drought subplots differed significantly (F ϭ 10.2, p Ͻ 0.0024). However, pairwise comparisons showed that this was only the case in the area with background copper concentrations (p Ͻ 0.05), whereas the two areas with high copper content did not differ ( Table 2 ). The results of the autumn sampling revealed an overall significant effect of drought (F ϭ 4.9, p Ͻ 0.034), but again, the significant difference was seen only in the area with background copper levels ( Table  2 ). Drought and copper (F ϭ 1.29, p ϭ 0.29) had no significant interaction. Likewise, the species composition was not affected by drought (Table 3) .
Effects of copper on enchytraeids and species number
The total enchytraeid number was significantly influenced by copper concentration in the spring sampling (F ϭ 40.1, p Ͻ 0.0001) The unpolluted area with background copper levels had a significantly higher number of enchytraeids than the areas with medium and high copper pollution (Table 2 ; p Ͻ 0.05). In the autumn sampling, the unpolluted area seemed to have the highest number of enchytraeids, but this was not supported by the overall ANOVA (F ϭ 1.8, p ϭ 0.2). However, for control subplots, the number of enchytraeids was significantly higher in the unpolluted area than in the area with highest copper concentration (p Ͻ 0.05). There was no interaction between copper and drought in the autumn sampling (F ϭ 1.29, p ϭ 0.29). When plotting the number of enchytraeids per sample against copper concentration of the respective subplot, density was clearly negatively correlated with copper concentration in the spring sampling (linear regression, R 2 ϭ Ϫ0.34, p Ͻ 0.003; Fig. 2A ) Similarly, the autumn enchytraeid density of control subplots was negatively correlated with copper concentration (R 2 ϭ Ϫ0.41, p Ͻ 0.02; Fig. 3A ), whereas this was not the case for subplots previously exposed to drought (R 2 ϭ Ϫ0.31, p ϭ 0.1; Fig. 3A) . However, when considering the pooled control and drought subplots in the autumn sampling, a significant negative correlation was seen between enchytraeid density and copper concentration (R 2 ϭ Ϫ0.37, p Ͻ 0.004; Fig. 3A) .
In the spring sampling, nine species were detected in the unpolluted plots (Table 3 ; Fig. 2B ). This was in clear contrast to only three species found in the copper-polluted areas. In the autumn sampling, seven species were found in the unpolluted plots, largely representing the same species as found in spring in this area, whereas only three species were found in the copper-polluted areas (Table 3 ; Fig. 3B ). In the unpolluted area, Fridericia connata was the dominant species, but Achaeta bohemica and Enchytronia parva also were abundant. In the copper-polluted areas Fridericia ratzeli and Enchytraeus cf. buchholzi were largely the only species found both in spring and autumn samplings.
Enchytraeid community structure
On the basis of the BIOENV procedure, it was found that copper concentration (Spearman rank correlation coefficient of 0.730, p ϭ 0.001) best explained the distribution of enchytraeids collected in the autumn. The differences in species composition between the three areas are illustrated by a multidimensional scaling ordination plot (Fig. 4) . The analysis of similarities analysis for the autumn sampling (global R ϭ 0.66, p ϭ 0.001) showed that the unpolluted and the high-copper areas (R ϭ 0.99, p ϭ 0.002) and the unpolluted and the medium-copper areas (R ϭ 0.84, p ϭ 0.002) were clearly separated, whereas the medium-and high-copper areas (R ϭ 0.23, p ϭ 0.052) were not statistically separable. This was in agreement with the result of the spring sampling (global R ϭ 0.416, p ϭ 0.001). Here, the unpolluted and the high-copper areas were well separated (R ϭ 0.79, p ϭ 0.002), the unpolluted and the medium-copper areas were overlapping but clearly different (R ϭ 0.52, p ϭ 0.002), and the medium-copper and high-copper areas were clearly not separable (R ϭ 0.05, p ϭ 0.26).
Laboratory study
Copper toxicity was clearly different in spiked soil and contaminated field soil. Copper-induced mortality of adult E. crypticus was much higher in the spiked soil than in contaminated field soil (Figs. 5A and 6A and Table 4 ). No mortality was seen in contaminated field soil up to 1,601 mg Cu/kg soil, whereas mortality in spiked soil began to increase above 600 mg Cu/kg dry soil, and no survival at all was observed at 960 mg Cu/kg soil. Reproduction in control soils was largely equal in the two tests, but copper effects were different (Figs. 5B   608 Environ. Toxicol. Chem. 25, 2006 K. Maraldo et al. and 6B and Table 4 ). For example, at a concentration of approximately 600 mg Cu/kg soil, reproduction in spiked soil was about three juveniles per surviving adult but nearly seven juveniles per surviving adult in contaminated field soil. It is remarkable that reproduction was taking place even at 1,601 mg Cu/kg of contaminated soil.
DISCUSSION
Effects of drought
Several studies have shown that soil moisture is an important factor for enchytraeid populations in various habitats. Thus, both short-and long-term drought can result in population reductions through mortality or impeded growth and reproduction [13, 29, 30] . The drought treatment applied in this study resulted in desiccation levels in the upper soil layers that were expected to have detrimental effects on enchytraeids [29, 31] . When soil moisture was at its lowest, the soil water potential was on average about Ϫ15 bar, equivalent to the wilting point of plants. However, in deeper soil layers, desiccation stress was lower, meaning that enchytraeids could have avoided the most intense desiccation stress by migration to moister soil layers [6] . Even so, it is likely that moisture conditions in the drought treatment subplots were much more stressful than in control subplots during the period when drought was applied. We did not observe any increased difference in enchytraeid numbers between control and drought treatment at the autumn sampling, probably because of rapid recovery of the drought-exposed enchytraeid populations. During the two-month recovery period, precipitation was plentiful, creating optimal soil moisture conditions for population growth by hatching of drought-resistant cocoons (as seen in the spring sampling), recolonization of the upper soil layers by upward migration from deeper soil layers, or both [13, 19] . It is important to stress that the drought levels applied in this study were environmentally realistic [32] but did not result in any long-term effects on enchytraeids either in unpolluted soil or in soil with high copper content when populations were allowed to recover from the drought stress.
Effects of copper in the field
We observed large differences in enchytraeid abundance, species richness, and species composition between the unpolluted area and the copper-polluted areas. Besides different concentrations of copper, these areas also differed slightly in soil pH (6.0-6.5). These differences in pH seem to be too small to have any influence on enchytraeid abundance or species composition when compared with previous field studies [6] .
Soil OM in the copper-polluted areas, however, was significantly higher than in the unpolluted area, perhaps having an influence on enchytraeid community structure. Enchytraeids are often considered as being 50% saprovorous, 25% bacterivorous, and 25% fungivorous [6] . It could therefore be speculated that a higher OM content would be stimulating, or at least would not have a negative influence on the enchytraeid populations studied here. It is therefore reasonable to conclude that the differences in abundance, species richness, and species composition between the three study areas must be because of the variations in copper concentration of the studied areas. This is in agreement with the result of the BIOENV procedure, which indicates copper as the main determining environmental factor. Furthermore, the results of the ERT with contaminated field soil also support this conclusion because effects on reproduction were evident at the copper levels found in the copper-polluted areas (Fig. 6B) .
Striking differences were found in the species richness between the unpolluted and copper-polluted areas. A total of 10 enchytraeid species were found at the Hygum site. The polluted areas were dominated almost exclusively by F. ratzeli and E. cf. buchholzi, whereas nine different species were found in the unpolluted area dominated by F. connata, A. bohemica, and E. parva. It is interesting to note that the species found in the copper-polluted areas are known as ''stress-tolerant'' species when considering other natural stress factors such as drought and cold [13, 31] . Apparently this also holds true when it comes to stress from copper pollution. Defense mechanisms against copper toxicity by metallothionin-like sequestration and detoxification have been shown in E. buchholzi [33] , whereas little is known of copper toxicity in F. ratzeli.
When inspecting the data, it appears that species richness was considerably more responsive to copper than total abundance (Figs. 2 and 3) as predicted from general hypotheses [34] . One should be cautious in describing dose-response relationships of field data because more than one factor might vary between treatments. However, a large decrease in species number seemed to occur between 40 and 280 mg Cu/kg soil, suggesting a threshold level in between these concentrations. In fact, this is consistent with the threshold level at 100 mg Cu/kg soil derived by Bengtsson and Tranvik [35] for earthworms and enchytraeids. A range of other studies have found results similar to ours in this study. For example, Bengtsson and Rundgren [8] found a total of eight enchytraeid species in Swedish unpolluted spruce forest (other species than found in our study). However, in areas close to a brass mill, where soil and litter was polluted mainly with copper and zinc in 
Enchytraeus cf. buchholzi refers to a complex of closely related species only identifiable when sexually mature. In this study, E. buchholzi senso stricto was strongly dominant, but two additional
species not yet identified were found in low numbers. the drought-exposed subplots are marked as filled points. The distance between the points corresponds to enchytraeid species composition: the shorter the distance, the higher similarity between treatments. a NOEC ϭ highest concentration with no observed effect; LOEC ϭ lowest concentration with an observed effect; LC10, LC50 ϭ concentration causing 10 and 50% mortality, respectively; EC10, EC50 ϭ concentration causing 10 and 50% effect on reproduction, respectively.
concentrations up to 1,600 and 2,200 mg/kg soil, only two species were found, and total abundance was drastically reduced. Yeates et al. [10] found reduced abundance of enchytraeids in grassland contaminated with copper, chromium, and arsenic. In their study, copper was the contaminant with greatest effect, apparently beginning at concentrations of around 425 mg Cu/kg soil. Comparable results were also found when studying the enchytraeid community in the area of a former Dutch zinc smelter [36] . In a Polish forest contaminated with cadmium, lead, zinc, and copper, Kapusta et al. [37] demonstrated that enchytraeid communities were little influenced by relatively low levels of heavy metals, even though metal concentrations in enchytraeid tissues were clearly elevated [38] .
Comparison of field and laboratory study
Because of the rather unusual contamination at Hygum (only copper), it is possible to compare results of the ERT with enchytraeid community responses in the field and to evaluate the performance of such standard tests in predicting the effects in a field situation. The typical way to run the ERT is to mix the pure chemical in question into a test soil and establish the dose-response relationship for both adult survival and reproduction [39, 40] . However, this often overestimates direct toxicity effects, primarily because aging processes are not taken into account. Several examples show that aging of metal contamination will decrease toxicity [2, 41, 42] . In this study, we also observed a clearly higher toxicity when soil was spiked with CuSO 4 than when contaminated field soil was tested. In fact, if the spiked soil test was used as a guiding toxicity value, this would have predicted that enchytraeids could not persist at concentrations above approximately 800 mg Cu/kg soil. Contrary to this, it was observed that enchytraeids were indeed existing in quite high population densities in the field even at 1,000 mg Cu/kg soil, although species richness was reduced. Enchytraeus crypticus, a widely used test species, is undoubtedly closely related to E. buchholzi. As such, it is probable that E. crypticus also is relatively tolerant to various stressors. It could therefore be argued that this species is not representative of the enchytraeid community as a whole and that other less stress tolerant species could make a better choice as test species.
Nevertheless, it seems that a standard laboratory ERT of spiked soil can be used as a rather conservative indicator of copper toxicity to enchytraeids in the field, even accounting for additional stress from a relatively long drought period. Previous laboratory studies have suggested that drought stress can potentiate the toxic effects of copper or other contaminants (or vice versa) in earthworms and Collembola [5, 14, 43] . It should be noted that the drought stress applied in these laboratory studies was more severe than in our field study. Only one study has so far investigated the combined effects of drought and soil contamination in enchytraeids [44] . It would therefore be interesting to continue this line of research to get a better understanding of cumulative stressors in the environment and how they should be integrated into risk assessment of soil contaminants.
